The proposed article deals with development and initial tests of nearly pure iron powder ATOMET Fe AM (Rio Tinto, QMP) using 400W selective laser melting technology. Magnetic properties in conjunction with 3D printing possibilities of metals could be used in many applications. Metal powder was analyzed for verification of distribution and shape of particles. The main laser parameters such as laser power, laser scanning speed and hatch distance were tested to achieve low porosity and sufficient, high building speed. Laser scanning speed was tested in the range from 200 mm/s up to 1400 mm/s and laser power from 100 W to 400 W. The hatch distance was set to the values of 90, 120 and 150 µm. Porosity was evaluated via microscopy image analysis and micro CT. To obtain mechanical properties the tensile testing was performed.
INTRODUCTION
Selective laser melting is an additive powder bed technology of metals which produces parts from fine metal powder using a high-performance laser beam. Metal parts are built layer by layer directly on the base platform. This technology is suitable for production of geometrically complex parts [Contuzzi 2013 ], [Yan Chunze] . Also, the microstructure is different if compared with standard materials, and material exhibits higher mechanical properties [Casalino 2015 ]. Processing of pure metal powders using selective laser melting is quite rare except for the area of engineering applications where the interesting metals are e.g. gold or pure titanium. Khan et al. [Khan, 2010] focussed their investigation on the Selective Laser Melting (SLM) of 24 carat gold (Au) powder with a mean particle size of 24 µm. The 50W continuous wave ytterbium-doped infrared fibre laser in the infrared range from 1070 nm to 1090 nm wavelength was used. The best reached porosity was around 10 % for 50 µm of layer thickness. Further research [Khan, 2014] also showed the high porosity to be predominantly between the layers. Sing et al. [Sing 2016 ] investigated the effect of designs and process parameters on the dimensional accuracy and compressive mechanical behaviour of titanium cellular lattice structures fabricated by SLM. Fabrication of the samples was implemented on a SLM 250HL machine (SLM Solutions Group AG, Germany) equipped with a Gaussian beam fibre laser, power up to 400 W with a focus diameter of 80 μm. Song et al. [Song 2013 ] showed fully dense iron parts fabricated at the laser power of 100 W using different laser scanning speed. The laser source was YLR-100-SM single mode CW Ytterbium fiber laser (1064-1100 nm). A hydrogen-reduced sponge iron powder, which displays a general multi-prismatic shape, was used. Kruth et al. [Kruth 2004 ] dealt with selective laser melting of mixture consisting of 50 wt. % Fe, 20 wt.% Ni, 15 wt.% Cu and 15 wt.% Fe3P. He used a Rofin-Sinar Nd:YAG laser source with a wavelength of 1.064 µm and a maximum output power of 300 W in continuous mode. A maximum bending strength of 630 MPa was achieved at a material density of 91%. The main aim of this article is to find mechanical properties for pure iron produced by SLM technigue.
MATERIALS AND METHODS

Standard pure Fe characteristics
The general mechanical properties of conventionally processed pure Fe (wrought iron) can be found e.g. in on-line databases and datasheets from producers Goodfellow, Cambridge Ltd., see Tab The mechanical properties depend on production process. For example, in the table 2 below, it is possible to find mechanical properties for low-carbon steel. For the exact same alloy AISI 1006 (RioTinto, 0.25-0.40% Mn) the different mechanical properties depending on the process are presented. The shape and morphology (see Fig. 2 ) of particles were analysed using Scanning Electron Microscopy Zeiss Ultra-Plus (SEM). Particle size distribution was measured by Horiba LA-960 laser particle size analyser. The powder size distribution declared by producer and our measurement is listed in Tab. 3. The particle size distribution is close to Gaussian distribution (see Fig. 1 ) and it is suitable for building the layer of thickness between 40 and 60 µm, so the standard thickness layer of 50 µm was used. The particle size distribution analysed by Horiba laser diffraction measurement and declared by producer are slightly different. This discrepancy can be related to specific particle shape (see The shape of particles is not uniform, which is typical for water atomization, and powder contains round, oval and irregular particles. It can be expected that this could cause problems during the coating process of powder, and then in homogeneity of the powder layer.
Porosity analysis
For a full raw description of process parameters, sixty cubes (with edge of 5 mm) were built. Laser and process parameters were selected to roughly describe the process window of iron powder. Laser power (Lp) varied in the range of 100, 200, 300, and 400 W, laser scanning speed (Ls) varied in range of 200, 500, 800, 1100, 1400 mm/s. Values of hatch distance (Hd) changed between 90 μm, 120 μm and 150 μm. The constant value of 50 μm of layer thickness (Lt) was chosen. The laser scanning strategy was identical for all cubes and it is shown in Figure 3 , left. Parameters for the contour (red boarder lines in Fig. 3 ) and the hatching (black arrows) were also identical. The hatching angle changed over the height of the samples with increment of 90°. For optimizing of process parameters, the second test was performed (see Fig. 4 ). The samples dimensions of 13136mm were chosen for better understanding of thermal equilibrium. A typical scanning chessboard strategy for larger geometrical structures was used. A metallographic analysis using light microscopy was used for basic porosity analysis. Samples with low porosity were then selected for microcomputer tomography for detailed porosity observation. 
Micro Computed Tomography (μCT)
The samples were analyzed by micro Computed Tomography (μCT) to obtain the relative porosity and to show the distribution of the cavities in 3D volume. The μCT analysis was performed using the industrial CT system GE phoenix v|tome|x L 240, equipped with a 240kV microfocus X-ray tube and high contrast flat panel detector DXR250 with 2048×2048 pixel, 200×200 μm pixel size. The accelerating voltage was set to 150 kV and the tube current to 55 mA. The exposure time was 600 ms in each of 2200 positions around the 360-degree rotation. Tomographic measurements were performed at the temperature of 21°C. The voxel resolution of obtained CT data was 8 μm. The tomographic reconstruction was realized using software GE phoenix datos|x 2.0 (GE Sensing & Inspection Technologies GmbH, Germany). The porosity analysis and visualization was implemented in VG Studio MAX 2.2.
2.3.2
Metallographic analysis The samples for microstructural analysis were prepared from SLM tensile billet (13x14x90 mm) in longitudinal and transverse section (with respect to main billet axis). The samples were analyzed by means of a light microscope in etched and nonetched state using metallographic microscope OLYMPUS GX 51.
Mechanical testing
Tensile testing was performed for evaluation of basic mechanical properties of investigated alloy. SLM samples/billets fabricated with the highest laser speed and low relative porosity were selected for this purpose. Testing samples with nominal diameter of 8 mm and the gauge length of 40 mm were machined from SLM billets (according to DIN 50125). Tensile tests were performed using Zwick Z250 testing machine at room temperature with testing speed of 1 mm/min. Measurement of hardness HV 0.3 was performed using test LECO LM 274 AT hardness tester for evaluation of local mechanical properties. A fractographic analysis was performed on samples broken during tensile tests for assessment of the fracture mechanism of SLM produced iron based alloy.
RESULTS AND DISCUSION
Porosity
A total of 60 cube samples of 5 mm edge length were fabricated in tree batches for hatch distance 90, 120, 150 µm. All samples were evaluated and compared. The best results were obtained for layer thickness of 90 µm (see Fig. 5 ) A small amount of porosity was observed around laser scanning speed of 200 and 500 mm/s (see Fig. 6 ).
The scanning speed of laser is crucial for economical SLM manufacture. Using of low laser speed leads to a higher manufacturing time consumption and finally to the increase of part cost. Regarding this, low scanning speeds were eliminated from further analysis, and the process window was established between 500 and 800 mm/s and 400 W laser power. Next six samples of 13136 mm were manufactured according to the previous outcomes (see Fig. 4 ). Laser power was set to 400 W and laser scanning speed varied between 500 and 750 mm/s. All samples exhibited a low relative porosity and no cracks were present. The µCT analysis showed a low number of pores for laser scanning speed in the range between 650 and 750 mm/s, which is suitable for fast speed fabrication. The µCT analysis revealed the volume porosity of 0.15% for laser scanning speed of 750 mm/s (see Fig. 7 ). To achieve good contrast of µCT images, the sample was machined to size 4x4x10 mm. The process parameters (400 W/750 mm.s -1 ) were selected to achieve the highest possible productivity of fabrication process. The amount of pores in samples is relatively low regardless irregular shape of the powder particles. Small pores with size up to 8 µm were not detected; however, the total sum of their volumes increases the relative porosity insignificantly. 
Metallographic analysis
The microstructure of the tensile samples (13x14x90 mm billets, 400 W/750 mm.s -1 ) in longitudinal and transverse section observed in the non-etched state exhibited the presence of pores both of spherical and irregular shape with different size (see Fig. 8, 9 ). The amount of relative porosity is locally higher compared to cube samples, around 0.3% in transverse direction (see Fig. 8 ) and 2.5% in longitudinal direction. The microstructure of investigated SLM iron-base alloy consists of coarser and finer grains with well-defined grain boundaries (see Fig. 10, 11 ). The arrangement of grains is random, a typical feature of SLM processed materials -the individual welds with fusion boundaries have not been observed. Also, a transition between the consecutive SLM layers was not found. The microstructure is inhomogeneous; the grain size varies locally between single-digits and tens up to hundreds of microns. Locally, the coarser grains are elongated in the direction of the sample building (see Fig 10, 11) . Local mechanical characteristic hardness HV 0.3 was measured on the metallographic sample. The average value calculated from three individual measurements was 143 HV 0.3, wherefrom we can deduce a tensile stress around 467 MPa. 
Tensile test
A tensile test was conducted for evaluation of basic mechanical characteristics. Further listed values are calculated as an average from three individual measurements. The tensile engineering stress-strain curve exhibited discontinuity in the region of yielding, characterized by lower (LYS) and upper yield strength (UYS) respectively (see Fig. 12 ). The lower yield strength achieved the level of 376 MPa and the upper yield strength of 415 MPa, the ultimate yield strength was 449 MPa and is comparable with the first rough approximation. A strengthening ratio was 1.08 indicating a rather lower level of strain hardening. The percentage elongation at the break was 20 % and the percentage reduction of the area was 56.6 %. These obtained values can be compared with low-carbon steels and it is obvious that the production of parts from pure iron by SLM technique provides very interesting possibilities how to improve mechanical properties of this material. Compared to Song's SLM iron materials [Song 2013 ], the tensile strength of 400W SLM-fabricated iron specimens appears higher by 10%. It can be assumed that very small grains in the microstructure assure higher strength due to a large portion of grain boundaries whereas larger grains allow for good plasticity of the material. Strengthening is not probably caused only by grain boundaries, but also by dispersion of oxides present in the microstructure-, because these oxides have already been present in the virgin powder as its natural part. These oxides can act as an effective barrier against a dislocation movement. Oxides present in virgin metal powder cannot be fully removed from the melting pool during the SLM process and persist in the material as an integral part of material microstructure. The fractographic analysis on broken tensile samples was performed for description of fracture mechanism of investigated material. The fracture surface of broken sample is of rough character, a large amount of shrinkage was found (see Fig. 13 ). Growing of these imperfections copying the layer building is also clearly visible. A detailed analysis revealed a smooth wall of shrinkage with oxide cover and unmelted powder particles inside these imperfections (see Fig. 14) . The fracture mechanism is of ductile character with dimple morphology whereas dimples are rather tiny and shallow (see Fig. 15 ). 
CONCLUSIONS
The preliminary study describes the processing of pure iron using a selective laser melting technology. Research focuses on finding the process parameters to minimize porosity and increase the speed of manufacturing. The study verified the workability of the material without cracks. The microstructure of processed billets is inhomogeneous, consists of grains with different grain size ; mechanical properties were found relatively high, ultimate tensile strength of 449 MPa, lower yield strength of 376 MPa and percentage elongation at the break of 20%. The fracture behaviour is of ductile character, whereas the dimple morphology was found on the fracture surface.
The manufacturing speed by SLM technology is critical for the product cost. The laser scanning speed of 750 mm/s was used for the manufacture of tensile specimens with relative porosity that locally varies between 0.3 -2.5%. Although the porosity is relatively higher, mechanical properties and speed of manufacture predetermine the application of ATOMET FeAT in the area of power and automotive engineering and prototyping.
